Water temperature is a key physical habitat determinant in lotic ecosystems as it influences many physical, chemical and biological properties of rivers. Hence, a good understanding of the thermal regime of rivers is essential for effective management of water and fisheries resources. This study deals with the modeling of hourly stream water temperature using the equilibrium temperature model. This water temperature model was applied on two thermally different watercourses, namely, the Little Southwest Miramichi River (LSWM) and Catamaran Brook (CatBk; New Brunswick). The equilibrium temperature model is a simplified version of a deterministic model. As such, in the equilibrium temperature model the total heat flux at the surface is assumed proportional to the difference between the water temperature and an equilibrium temperature. In the present study, the equilibrium temperature was assumed to vary linearly with hourly air temperature. This study showed that there was a good relationship between the equilibrium and air temperature at the hourly time scale. The root-mean-square error (RMSE) obtained with the hourly equilibrium temperature model was similar to results reported in previous studies with values of 1.05˚C (CatBk) and 1.36˚C (LSWM). The model's performance was best in late summer and autumn when water levels were low. In contrast, the presence of snowmelt in the spring resulted in poorer performances. This study also showed good results in estimating the daily mean (Tmean) and maximum (T max ) water temperatures from the predicted hourly water temperatures, which were often required in fishery management.
Introduction
Water temperature has both economic and ecological significance when considering issues such as water quality and biotic conditions in rivers [1] . For example, fish habitat suitability is highly dependent on stream water temperatures. The thermal regime of rivers is influenced by many factors such as atmospheric conditions, topography, riparian vegetation, stream discharge and streambed thermal fluxes [1] [2] . It is therefore important to use adequate water temperature models to effectively predict water temperature variability. Hourly water temperatures provide a better understanding of diel variability, including maximum and minimum water temperatures, which are very important for aquatic habitat and fisheries management [3] .
Stream water temperatures have been studied for many years (e.g., [4] [5] ) and studies have shown that water temperature controls the rate of decomposition of organic matter, dissolved oxygen content and chemical reactions in general. Stream water temperature can also affect recreational activities such as swimming and fishing. Some studies have mainly focused on the impact of forest harvesting on water temperature while others have focused on fish habitat related issues. For example, studies have found that stream water temperature dynamics can influence many fish habitat conditions including the growth rate of fishes, aquatic invertebrates and others [6] [7] . Stream temperature has also been monitored in order to evaluate the impact of human activities due to urbanization [8] , thermal pollution [9] , etc. Understanding the thermal regime of rivers in forested ecosystems has played an important role in the development of water temperature models, as valuable information has been learned from heat exchange processes [10] . However, increased interest in river temperature has also been noted recently due the potential effects of climate change [11] [12] .
Water temperatures models can be classified into two groups: deterministic and statistical models [1] . The statistical approach predicts water temperatures by relating water temperatures to relevant meteorological parameters (usually air temperature). Deterministic models consider the cause and effect relations between meteorological parameters and stream temperature [4] [13] . Deterministic models can be complex if all heat fluxes are considered. This modeling approach requires many meteorological and hydrological data that are not always easily monitored, accessible or available. The equilibrium temperature model can be an alternative to statistical and deterministic models. This approach was first developed to simplify the expression of the total heat flux [14] . As such, the total heat flux at the surface is assumed proportional to the difference between the water temperature and an equilibrium temperature T e [15] . Many studies have used the concept of the equilibrium temperature to estimate stream temperatures [15] - [19] .
Caissie et al. [15] developed an equilibrium temperature model for the prediction of daily stream water temperatures in selected rivers within the Miramichi River catchment (New Brunswick, Canada). They expressed the total heat flux as a function of water temperature and the equilibrium temperature. A linear relationship between the equilibrium temperature and daily mean air temperature was assumed. This approach will also be used in the present study, but at hourly time scale. In fact, few studies have predicted hourly stream temperatures using stochastic and equilibrium temperature models, as most have focused on daily mean water temperatures [19] [20] . Hourly water temperatures are very important for fishery management as they provide information on daily minimum and maximum water temperatures. These daily extremes are sometimes useful to assess the stress and recovery periods of aquatic resources, particularly salmonids, during high temperature events [3] .
Therefore, the goal of the present study was to adapt the equilibrium temperature concept to estimate hourly stream temperature and apply this model to two thermally different watercourses within the Miramichi River. The specific objectives were 1) to apply an equilibrium temperature model at the hourly time scale, 2) to apply the model on two thermally different watercourses, 3) to perform a seasonal analysis (i.e. spring, summer and autumn) to compare the performance of the model under different meteorological and hydrological conditions, and 4) to calculate the daily mean and maximum water temperatures from the predicted hourly water temperatures.
Methodology

Equilibrium Temperature Model
Deterministic models consider relevant energy components of the total heat flux at the water surface interface (net shortwave radiation, net long wave radiation, convection, evaporation) as well as the streambed heat flux to predict stream water temperatures [20] - [23] . In the application of the equilibrium temperature model of the present study, we assumed that the streambed heat flux was secondary to surface heat fluxes, and therefore the streambed heat flux was neglected to keep the model simple.
In the equilibrium temperature model, the exchange of heat flux between the atmosphere and the river is assumed to be proportional to the difference between the water temperature and an equilibrium temperature T e . The development of this model is provided in previous studies (e.g., [14] [15] ). The equilibrium temperature represents the water temperature at which the total heat flux at the surface of the river is zero.
Studies have shown that good relationships exist between air and equilibrium temperatures [16] and therefore, T e can be expressed as a linear function of air temperature [15] [19] . The equation of thermal energy, for wellmixed rivers and assuming no longitudinal variation of water temperature, is expressed as follows [15] [19] :
where T w represents the water temperature (˚C), t is the time (hour), H t is the total heat flux per area at the surface-water interface (W m ), T e is the equilibrium temperature (˚C), α and β are the linear regression coefficients relating air to the equilibrium temperature, and T a is the air temperature (˚C).
Water Temperature Model
The equilibrium temperature model in the present study will be applied at an hourly time scale during open water conditions, i.e. from 15 April to 31 October for years 1998 to 2007. The open water period was selected based on historical data showing no ice cover. The study was divided into two periods: calibration (1998) (1999) (2000) (2001) (2002) and validation (2003) (2004) (2005) (2006) (2007) . During the calibration period, water temperatures (T w ), air temperatures (T a ), and water level (y) were used to calibrate the model, i.e. calculation of coefficients α and β as well as the thermal exchange coefficient (K). The calibration was done by minimizing the sum of square differences between observed and predicted water temperatures. In order to keep the model simple, the coefficients of linear regression (α and β) and the thermal exchange coefficient (K) were considered constant for each river and for all years, as in previous studies [15] [19] . The validation period (years [2003] [2004] [2005] [2006] [2007] was then used to test the model, using the parameters (α, β, and K) previously calculated during the calibration period. The prediction of water temperatures in this study used the equilibrium temperature model in a two-step process. The first step consisted in predicting the daily water temperatures from equilibrium temperature model using daily air temperatures. Then the second step consisted in predicting hourly water temperatures using hourly air temperatures. During the calibration, observed daily water temperatures were used to predict hourly water temperatures; however during the validation, the simulated daily mean water temperatures were used in the modeling.
A seasonal analysis was also performed to examine the performance of the model under different hydrometorological conditions. Three seasons were selected (spring, summer and autumn). Spring was between 15 April and 20 June (days 105 -171), summer between 21 June and 2September (days 172 -263) and autumn between 22 September and 31 October (days 264 -305).
Study Area
The equilibrium temperature model was applied on two watercourses (Catamaran Brook and Little Southwest Miramichi River) of different sizes within a same hydrometeorological region. The two study sites are located on the river Miramichi system (New Brunswick, Canada), which is world renowned for its population of Atlantic salmon (Figure 1) . This river receives an annual precipitation ranging from 860 mm to 1365 mm, with a long-term average of 1142 mm [24] . Mean monthly air temperature varies between −11.8˚C (January) and 18.8˚C (July). The mean annual runoff was estimated at 714 mm, ranging from 631 mm to 763 mm. The vegetation consisted mainly of second-growth, mature forest species estimated at 65% coniferous and 35% deciduous [25] .
The first study site is located on the Little Southwest Miramichi River (LSWM) at approximately 25 km from the river mouth, and just above the confluence of Catamaran Brook (Figure 1) . The drainage area of this basin is 1190 km 2 . The LSWM has a river width of approximately 80 m, with a depth of 0.52 m on average during mean flow conditions. No lateral variation of water temperatures was observed due to the well-mixed nature of the river [20] . The forest along the LSWM is mainly composed of 70% hardwood, with presence of 30% softwood. The canopy closure was less than 20%. The second study site is located on Catamaran Brook (CatBk) approximately 8 km upstream of the mouth (Figure 1 ). This site is part of a 15-year multidisciplinary hydrobiological research study aimed at quantifying stream ecosystem processes and the impact of timber harvesting [25] . Catamaran Brook has a drainage area of 27 km 2 at the study site, an average stream width of 9 m and a depth of 0.16 m. Catamaran Brook is well-mixed due to high turbulence, similar to LSWM, but the brook is more sheltered by streamside vegetation and upland slopes. The canopy closure for Catamaran was estimated at 55% -65% with a forest composition of 60% hardwood and 40% softwood. Site characteristics for both studied watercourses are presented in Table 1 .
Data Collection
Water temperature and meteorological data for the equilibrium temperature models were collected for the period of 15 April (day 105) to October 31 (day 304) and for years 1998 to 2007 at both CatBk and LSWM. This period corresponded to the period of the year without ice cover, i.e. open water condition. Some years had missing data for a few days and these days were not included in the modeling. Data were separated into two samples: calibration data (1998) (1999) (2000) (2001) (2002) and validation data (2003) (2004) (2005) (2006) (2007) . Meteorological data, for both study watercourses, were collected hourly at the meteorological station located at mid-basin on the CatBk (Figure 1) . The meteorological station represents a land-based meteorological station, but was less than 1 km from the CatBk water temperature site and less than 8 km from the LSWM site. Meteorological conditions from the Catamaran Brook meteorological station were representative of those experienced within the two watercourses.
At the Catamaran Brook meteorological station, air temperature and relative humidity were measured 2 m above the ground using a Vaisala Relative Humidity and Temperature sensor. A RM young wind monitoring sensor monitored wind speed and direction at a height of 10 m. Incoming solar radiation was measured using a Kipp and Zonen Silicon Pyranometer. Water temperature was measured with a 107B Water Temperature Probe (Campbell Scientific Corps.) for both CatBk and LSWM. All sensors were scanned every 5 seconds by a CR10 datalogger and hourly averages were then calculated. Daily discharge was obtained from Environment Canada's hydrometric station (01BP001 for LSWM and 01BP002 for CatBk) on both river systems. The mean daily water depth was obtained from discharge and a power function as described in Caissie et al. [20] . 
Modeling Performance Criteria
To compare modeling performances of different years and study period (calibration/validation) three criteria were used: the root-mean-square error (RMSE), the coefficient of determination (R 2 ), and the bias (Bias). They were selected because they are often used in modeling studies and results from these performance criteria were also available for other water temperature models at CatBk and LSWM. The root-mean-square error (RMSE) represents the mean errors associated with the model. It was calculated using the following equation:
Where N is the number of hourly water temperature observations, T w (O) is the observed hourly water temperature and T w (P) is the predicted hourly water temperature.
The coefficient of determination (R
2
) represents the percentage of variability that can be explained by the model. It was calculated with the following formula:
The bias is an indication of the overestimation or underestimation of the water temperature model and represents the mean of errors calculated with the following equation:
Results
Before applying the equilibrium temperature model, the relationship between the air temperature and the equilibrium temperature was investigated. This was done by back calculating the total heat flux at the surface from observed water temperature variability. Results are shown in Figure 2 for both Catamaran Brook (CatBk) and Little Southwest Miramichi River (LSWM) using the 1998 data. A similar relationship was observed between air temperature and the equilibrium temperature at both sites. In CatBk, 63% of the variability of the hourly equilibrium temperature was explained by hourly air temperature (linear relation) whereas 73% of the variability was explained for LSWM. Given these good relationships between T a and T e , the equilibrium temperature model was then applied to predict hourly water temperatures in a two-step process. The daily mean temperatures were predicted initially and then hourly temperatures were predicted. The equilibrium temperature was expressed as a function of air temperature, as presented in Equation (1). The coefficients α and β were obtained by optimizing the minimum sum of squared differences between the hourly predicted and observed water temperatures for the calibration years (1998) (1999) (2000) (2001) (2002) . The linear regression coefficient α was calculated at 0.43˚C for CatBk and a slightly higher value was obtained for LSWM (0.54˚C). The linear regression coefficient β was 0˚C for both studied watercourses. A constant thermal exchange (K) was calculated with a value of 16.5 W m −2 ˚C −1 at CatBk and of 72.0 W m −2 ˚C −1 at LSWM. These parameters were then used to estimate hourly water temperatures using Equation (1) during the validation period (years [2003] [2004] [2005] [2006] [2007] . Figures 3-6 show predicted vs. observed water temperatures for each years at both CatBk and LSWM. Some years had days without data due to equipment malfunctions and were not included in the modeling. Figure 3 shows the calibration years at CatBk whereas Figure 4 shows the validation years. Results showed generally good agreement between predicted and observed water temperatures. However, a slight overestimation was observed at times during the spring (e.g., 2001, 2003 and 2007) and an underestimation was observed in summer (e.g., 2006) and in autumn (e.g., 2006). During some days, predicted water temperatures did not capture well the diel variation, as the equilibrium temperature model showed less diel variations than actual observed stream temperatures variations (e.g., day 170-185, 1999).
Results were similar for LSWM ( Figure 5 and Figure 6 ). Spring water temperatures were also slightly overestimated in 2003 and 2005, similar to CatBk. Also, an important overestimation was also observed in LSWM in early summer 2006 (between day 130 and 165). In contrast, good agreement between predicted and observed temperatures was observed in late autumn at LSWM (unlike CatBk). Table 2 shows the model performance of the equilibrium temperature model for the calibration years, the validation years, for each year and for all years. The model performance at CatBk was good during the calibration years (RMSE = 0.65˚C, At LSWM, the calibration years showed equally good performance (RMSE = 0.65˚C, R 2 = 0.990 and Bias = 0.00˚C). The validation years at LSWM showed a poorer performance than the calibration period and poorer than CatBk, with a RMSE of 1.82˚C, a R 2 of 0.911 and a Bias of −0.13˚C. Overall, the LSWM showed a poorer performance (than CatBk) with an overall (all years) RMSE of 1.36˚C a R 2 of 0.954 and a Bias of −0.06˚C. A seasonal analysis was also performed to examine the performance of the model under different hydrometeorological conditions. Three seasons were selected (spring, summer and autumn), as defined previously. On a seasonal basis, the poorest performance of the model was in spring for both watercourses, except during the calibration years at LSWM, where the model performed similarly to other seasons. The spring performance at CatBkand LSWM during the validation showed RMSE of 1.66˚C (CatBk) and 1.98˚C (LSWM), which were more than double the values observed during the calibration. At CatBk, the best performances during the validation period was in summer (RMSE = 1.14˚C; R 2 = 0.866; Bias = −0.53˚C). During the validation period, LSWM showed its best performance in autumn (RMSE = 1.45˚C; R 2 = 0.864; Bias = −0.04˚C). At LSWM, the best overall (all years) performance was in autumn (RMSE = 1.05˚C) whereas the best overall performance in CatBk was in summer (RMSE = 0.90˚C) and autumn (RMSE = 0.97˚C).
Four different time periods of 7 days were selected over the entire study period (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) to compare between observed (T w (O)) and predicted (T w (P)) hourly water temperatures as a function of air temperature (T a ). They were selected to examine in more details the performance of the equilibrium temperature model under different meteorological and hydrological conditions. The selection of periods was made to include two calibration periods and two validation periods over the three seasons: spring, summer and autumn ( Table 3) . Results are presented in Figure 7 . The two calibration periods consisted of 1) days in summer of 1998 (days 221 -227) where In the first detailed period (calibration-1998; Figure 7 (a) and Figure 7(b) ), hourly air temperatures decreased rapidly from 31.7˚C to 4.6˚C at both CatBk and LSWM over a 5-day period. Predicted water temperatures for both watercourses effectively followed observed water temperatures, especially during days of rapid decrease in air and water temperatures. For the period during spring 1999 (Figure 7(c) and Figure 7(d) varied similarly as in LSWM (16.8˚C to 28.9˚C). Predicted water temperatures showed a general increasing trend; however, the diel variability was not well captured by the model. Water temperatures varied between 13.3˚C and 20.6˚C at CatBk, and between 16.4˚C and 27.1˚C at LSWM.
Discussion
Deterministic models have been shown to be an effective tool in predicting stream water temperatures [20] [22], but require a lot of input data. An equilibrium temperature model was developed to predict hourly water temperatures, assuming that total heat flux was proportional to the difference between the hourly water temperature and an hourly equilibrium temperature [14] . Moreover, hourly equilibrium temperatures were linearly related to hourly air temperatures. The equilibrium temperature model applied in the present study only requires hourly air temperature and water level to predict river temperatures [15] . Most equilibrium temperature models are developed to study the thermal regime of rivers [16] Results for the present study show that hourly equilibrium temperatures are also related to hourly air temperatures although some scatter is observed (Figure 2) . In fact, 63% -73% of the variability of the equilibrium temperature was explained by air temperature. The coefficients (α and β) of the linear relationship between hourly air and equilibrium temperature were then calculated. In the present study the coefficient β was calculated at zero. Therefore, both α and K of the equilibrium temperature model reflected the total heat flux at the surface. The coefficient α was calculated at 0.43 at CatBk and 0.54 at LSWM. The calibration coefficient (α) calculated within the present study for hourly temperatures was slightly lower than those found in studies using the equilibrium temperature concept at daily time scales. For example, Caissie et al. [15] calibrated both the same study streams with coefficient α at 0.81 at CatBk and of 1.05 at LSWM (for daily time scale). Marcé and Armengol [28] found the coefficient α varying in the range of 0 to 2 whereas Larnier et al. [19] found a coefficient α of 1.12 similar to LSWM (daily time step). These differences are most likely due to the different time scales. The coefficient β was calibrated at 0˚C, similar to Caissie et al. [15] . However, other studies have shown values of β at 0.44˚C [19] and -10˚C to 45˚C [28] . The thermal exchange coefficient K was calculated at 16.5 W m −2 ˚C −1 (CatBk) and at 72.0 W m −2 ˚C −1 (LSWM). Caissie et al. [15] , who also studied the two same rivers, but at a daily time scale, observed lower ther- . The hourly exchange coefficients K found in this study were higher than values estimated during studies of daily mean water temperatures; however, the coefficient α was smaller. It is worth noting that the total heat flux by the equilibrium temperature model is calculated through a combination of these two coefficients (Equation (1)) as well as the difference between T e and T w .
The thermal exchange coefficient K and the difference between T e and T w represent the bulk surface heat flux.
Previous studies have shown that the thermal exchange coefficient is generally a function of many meteorological parameters [14] [16]; however, other studies achieve good results by assuming a constant K throughout the years [15] [19] . The thermal exchange coefficient K affects the rate at which water temperature changes. A high value of K will correspond to higher rates of change for similar temperature differences (T e -T w ) and vice versa. These quantities will also be a function of time scales (e.g., ∆T on daily or hourly basis). Other processes (than surface heat fluxes, e.g., streambed, depth, etc.) can affect the rate of change of water temperatures. In the present study, CatBk ( ), suggesting lower water temperature variability for similar temperature differences (T e -T w ), because α was somewhat similar between CatBk and LSWM. CatBk is more sheltered by streamside vegetation, having a greater groundwater contribution. These factors can also be contributed to less water temperature variability in CatBk.
The coefficient K was assumed constant throughout the year in the equilibrium temperature model, as applied in other studies [15] [19] . A sensitivity analysis (±5% -10%) of the thermal exchange coefficient K showed changes of less than ±0.02˚C in hourly stream temperatures when applied during the whole study period (i.e. 15 April to 31 October). However, does the value of K vary seasonally? Another sensitivity analysis was carried out by calibrating the model for the month of April to October, and determining the best K value to fit the data for each month. Results of this analysis are shown in Table 4 for both studied watercourses. ). The low value of K in autumn could also be related to the fact that smaller diel variability was observed in both air and water temperature during this period.
Overall, the RMSEs obtained with the equilibrium temperature model were similar to those observed in previous studies [15] [19] [29] , with an overall RMSE of 1.05˚C at CatBk and 1.36˚C at LSWM. Most equilibrium temperature models in previous studies were developed to predict daily water temperatures. Herb and Stefan [29] estimated daily average stream temperatures with a RMSE of 1.2˚C for a small tributary and of 1.4˚C for a larger stream. Marcé and Armengol [28] observed similar RMSEs to CatBk, around 1.40˚C. Larnier et al. [19] calculated RMSEs of 1.22˚C (calibration) and 1.31˚C (validation). Caissie et al. [15] applied the same equilibrium temperature model in the present study in both CatBk and LSWM (at a daily time scale), and showed RMSEs of 1.21˚C (CatBk) and 1.52˚C (LSWM).
A seasonal analysis was performed for both CatBk and LSWM for three seasons: spring (15 April to 20 June), summer (21 June to 20 September) and autumn (21 September to 31 October; Table 2 ). This analysis showed that the best performance of the equilibrium temperature model was during autumn and the poorest performance was in spring. These results are consistent with those of other water temperature modeling studies [30] [31] . Snowmelts conditions in spring can influence the relationship between air and water temperatures. The atmospheric energy in spring is contributed mainly to the snowmelt and soil heating processes, therefore the water temperatures are not following rapid increases similar to air temperatures. Autumn showed better predictions of water temperatures, presumably due to lower water levels usually observed during the year and a more effective heat exchange between the river and its heat sources. One useful aspect in predicting hourly water temperatures, especially from an aquatic habitat perspective, is that daily minimum, maximum and daily mean water temperature can be obtained from the modeling. Predicted hourly water temperatures were used to calculate daily maximum (T max ) and daily mean water temperatures (T mean ) ( Table 5 ). The performance of the daily mean water temperatures was better than the hourly water temperatures. The RMSE for all years was of 0.83˚C at CatBk and 0.97˚C at LSWM. The coefficient of determination R 2 was 0.975 at both study streams. These results were also comparable to other studies where the equilibrium temperature model was used to predict daily water temperatures [15] . Daily maximum water temperatures have shown to have important influences on biological conditions [3] [32] . The predicted hourly water temperatures were also used to calculate the daily maximum water temperatures (T max ) ( Table 5) . The equilibrium temperature model was effectively in predicting daily maximum water temperatures with a RMSE of 1.3˚C for both watercourses. Different factors can influence daily maximum water temperatures. Among them is the evaporative cooling, which has been shown to affect the relationship between air and stream temperatures, especially at high temperatures [16] . For example, studies have shown that the relationship between air and stream temperature differed from linearity at air temperatures over 25˚C, where water temperature does not increase at the same rate as air temperature [16] [33] .
A comparison of observed vs. predicted daily mean (T mean ) and daily maximum (T max ) water temperatures was done for both CatBk and LSWM based on hourly data from the equilibrium temperature model (Figure 8) . A good agreement was observed between predicted and observed daily mean water temperatures with R 2 of 0.975 at both CatBk and LSWM. For daily maximum water temperatures, a R 2 of 0.957 (CatBk) and 0.967 (LSWM) was observed.
River water temperatures are predicted in the range of 1.0˚C to 1.4˚C in modeling studies [21] [30] [34] . The present study shows that representing the equilibrium temperature using air temperature was effective in predict- ing hourly water temperatures. Although the model performed well, it did not fully capture the diel variability in some cases. As such, other important fluxes and parameters may be required to achieve a better modeling performance. For instance, the relationship between equilibrium and stream temperature can also be affected by factors such as wind sheltering, stream shading, groundwater inputs or artificial heat inputs. However, including more input variables into the equilibrium temperature model will ultimately make the model more complex and closer to a true deterministic model, which is not the objective of the current modeling approach.
In the present study, the equilibrium temperature model showed relatively good performance. The RMSEs were similar to those of other studies with RMSE of 1.05˚C (CatBk) and 1.36˚C (LSWM). These results suggest that the air (and corresponding equilibrium temperature) adequately reflected the total heat flux at the water surface. The model's best performance was in autumn and late summer, where the low water levels permitted more efficient thermal exchange. In contrast, the presence of snowmelt conditions in spring resulted in poorer performance. The predicted hourly water temperatures were used to estimate the daily mean and maximum water temperatures. The results of the daily mean water temperatures were comparable or better to other equilibrium temperature results on a daily basis [15] . The daily maximum water temperatures were also well predicted but had higher RMSEs. Modeling of water temperature remains a very useful tool in the management of fisheries and aquatic resources.
